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ABSTRACT 
. 
/&70 
The Townsenda coefficient has been measured in cesium-helium 
mixtures as a function of E/p, the ratio of electric field to total 
pressure, and Ncs/NHe, the ratio of cesium to helium density. By camparing 
the observeda with that obtained from a numerical solution of the Boltzmann 
equation using an assumed cesium excitation cross section, one obtains a 
cross section consistent with these measurements and with previous 
measurements of the cesium ionization cross section. An excitation cross 
section with a peak value of 1.15 x 
with experiment. 
cm2 at 8 eV gives good agreement 
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SUMMARY 
Prebreakdown ionization build-up has been studied in 
cesium-helium mixtures of various concentrations. The Townsend a 
coefficient has been obtained as a function of E/p, the ratio of 
electric field to total pressure, and N 
to helium density. For N /N - the measured values for the a 
coefficient are more than an order of magnitude larger than the 
previously measured values in pure helium in the E/p300 range from 
2.0 to 4.0 volt/cm-Torr (where p300 is the total pressure normalized 
to a temperature of 3 0 O O K ) .  
the increased ionization is produced mainly by Penning effect collisions; 
i.e. electrons excite helium atoms to a metastable state and these 
metastable atoms ionize cesium atoms on collision. At larger density 
ratios (N /N 4 1 0  ) direct electron ionization of cesium becomes 
the dominant ionization mechanism for E/psOc < 2 5 vol ts/cm-Torr . By 
comparing the measureda with that obtained from a numerical solution 
of the Boltzmann equation using an assumed excitation cross section, one 
obtains a cross section consistent with the presenta measurements and 
with previous measurements of the cesium ionization cross section. An 
excitation cross section with a peak value of 1.15 x cm at 8 eV 
gives good agreement.irith esperiment. 
/N Cs He' the ratio of cesium 
Cs He 
Analysis of these measurements shows that 
-4 
Cs He 
2 
. 
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INTRODUCTION 
Electron swarm techniques for studying elastic and inelastic 
cross sections for electrons in gases have been developed in recent years 
and applied successfully to the noble 
 molecule^^-^. In addition, preliminary experiments have indicated that 
similar techniques can be employed to obtain cross sections in metallic 
vapors, par-ticularly in cesium, by making measurements in a mixture of 
cesium and a noble gas . During the first six months of the present program, 
measurements of the Townsend a coefficient have been carried out in cesium- 
helium mixtures of various density ratios, extending considerably the 
previously available data on the cross section for electron excitation of 
cesium. 
and to certain diatomic 
7 
The present technique involves the measurement of the T-end 
ionization coefficient as a function of E/p, and also as a function of 
Ncs/NA,. 
process involving a numerical solution of the Boltzmann transport equation 
which makes no a priori assumptions about the shape of the electron energy 
The data is analyzed to give a collision-cross section by.a 
distribution function. The measurements of the Townsend g coefficient 
presented here are analyzed to give the total cross section for electron 
excitation of cesium from threshold to 10 eV. The cesium excitation 
cross section obtained in the present work is compared with estimates based 
on previous experimental measurements, and with several theoretical 
calculations. 
t 
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APPARATUS 
The apparatus used for these measurements is Shawn in Figure 1 
with the main oven in place, and in Figure 2 with the oven removed; Figure 3 
shows a schematic drawing of the vacuum system. 
system inside the oven is constructed of stainless steel; the sect- outside 
the oven is constructed mainly of glass. The mr=ds(lrements are made in the 
drift tube shown in Figure 3; this will be desoribed in more detail below. 
The temperature of the main oven for these experiments was in the range 
250-300°C. 
its temperature could be controlled independently of the main oven. 
main oven was maintained at a temperature higher than that of the cs reservoir 
oven to prevent cesium from condensing in the drift tube. 
valve is closed (Fig. 3), the Cis vapor pressure in the drift tube at 
equilibrium corresponds to the vapor pressure at the reservoir temperature 
provided the collision mean free path is-short compared to.the dimensions 
of the connecting tubing, as was the case for all of the measurements reported 
here. 
The portion of the vacuum 
The cesium was contained in a U-tube in a separate oven where 
The 
When the by-pass . 
To the glass portion of the system is connected a Bayard-Alpert 
ionization gauge for measuring the-residual vacuum pressure, a null-indicating 
diaphragm manmeter for measuring high pressures, and a supply of reagent 
grade helium. 
system was about 5 x lo-’ Torr, with a rate of rise of 2 x lo-’ Torrlmin. 
with the system isolated from the pumps. 
manometer is an improved version of the one described by Alpert . For the 
b .  
high total pressures used in these measurements (< 300 Torr) it is capable 
of measuring the pressure with an accuracy better than 1%. Since the ratio 
Before the cesium ampule was broken the pressure in the 
The null-indicating diaphragm 
8 
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of Cs to He pressure was always small 
was equal to the He pressure to a very good approximation. 
pressure was calculated from the expression given by Taylor and Langmuir 
or less) the total pressure I 
The cesium vapor 
9 ~ 
loglo p = 11.0531 -  4041 - 1.35 log T T' 
where p is the vapor pressure in Torr and T is the temperature of the Cs 
reservoir in QK. 
Figure 4 shows a photograph of the drift tube with the vacuum 
jacket removed. 
of advance (nickel-copper alloy). 
around the outside, as shown in Figure 5, to insure that the applied electric 
field is uniform in the central region. Currents are measured to the central 
disc. 
1 cm. through the bellows arrangement shown in Figure 4. 
spacing was calibrated as a function of the micrometer driver reading using 
a cathetometer with the drift tube encased in a glass envelope and evacuated 
to the operating pressure. 
The main elements are two parallel plate electrodes made 
One of the electrodes has a guard ring 
I 
The spacing between the two electrodes is variable between 0.05 and 
The electrode 
I 
The circuitry used in the measurements of the Townsendo coefficient 
consists of a regulated dc voltage supply connected between ground and one 
of the electrodes (the unguarded one) and a nanovoltmeter connected across 
a variable load resistor at the other electrode. This latter cambination 
was used to measure the current to the central disc. The current was in 
the range to amperes. The leakage resistance was of the order 
of 10 o b ,  so that a conventional low current anmeter could not be used 
to measure the current, since the input impedance of such an instrument is 
large compared to the leakage resistance. 
4 
For a uniform dc electric field applied between parallel plates, 
10 the prebreakdm current as a function of distance is given by 
where I is the initial current at x 0, x is the distance from the 
electrode which acts as the current source, xo is related to the distance 
which electrons must travel before an equilibrium velocity distribution is 
attained, (Y is a generalized coefficient referring to electron production 
due to secondary processes, anda is the Townsend 01 coefficient. xo is 
related to the electron mean free path and, for the high pressures used 
in the present measurements, may be safely taken as zero. 
secondary processes are not important, the above reduces to 
0 
If, in addition, 
1 ( X I  = Io exp br x) (3) 
so that a may be obtained by measuring I/I 
Experimentally, one may determine whether or not secondary processes are 
important by plotting In (I/ ) VS. x. 
the curves will bend upward;'ff not, straight lines will be obtained. 
as a function of x. 
0 
If secondary effects are important, 
In the present case the initial current is supplied by thermionic 
emission from the cesium coated electrodes at the equilibrium temperature of 
the tube (- 3OOOC). 
current may be observed in either direction simply by reversing the polarity 
of the applied electric field. 
directly in most cases, since at the high pressures used for the measurements 
there is a significant amount of back diffusion; i.e. some of the emitted 
Since both electrodes are emitting, the prebreakdm 
The initial current, Io, cannot be measured 
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electrons undergo collisions with the gas molecules in the immediate 
vicinity of the emitting surface and are reflected back to it. AS the 
applied electric field is increased, back diffusion becomes less important, 
but ordinarily ionization build-up sets in before the initial current reaches 
Io; i.e., ordinarily there is no definite plateau in the I VS. E curve for 
a given spacing. 
IC is the current; at some low value of E/p where there is no ionization 
build-up. 
from graphs of &n (I/ 
for measuring I 
somewhat with time; if I does not change, a may be obtained by simply 
measuring I as a function of distance. 
found that there was no significant short term change in IC at a given E/p. 
the current at a given spacing as the applied voltage was varied from zero 
up to near the breakdown voltage; then change the spacing and repeat. 
the data obtained at several spacings were plotted vs. E/p, the resulting 
curves were coincident for low E/p. 
E/p appropriate for measuring I 
no ionization build-up. 
ionization build-up at E/p300 = 1.0 volt/cm-Torr (where p 
pressure normalized to a temperature of 3OO0K), and IC was measured at this 
value of E/p300. Then the ratio of I/ 
spacing, where I is the current at some higher value of where 
ionization build-up occurs. 
of E/p300 are shown in Figure 6. This data was ofkained with a total 
normalized pressure of p300 = 260 Torr and cesium to helium density ratio of 
One can get around this difficulty by measuring I/ where 
IC 
I is some constant fraction of Io, so thata may be obtained 
C 
) VS. IC." It should be noted that the only reason 
IC is to guard against the possibility that Io may change 
C 
0 
In the present measurements it was 
The procedure used in taking measurements was to first measure 
When 
This allowed one to pick a value of 
i.e. a value low enough so that there was c; 
In all cases it was found that there was no 
is the total 300 
was measured as a function of the 
IC 
Sample curves of I/ vs x for several values - I  
-6- 
. 
2.72 x lo-? 
that secondary processes are not important, so thata may be obtained from 
the  slope. 
It w i l l  be observed tha t  the curves a re  l inear,  indicating 
The dn (I/I ) vs. x curves were found t o  be l inear  i n  a l l  cases 
C except f o r  sane measurements made a t  high values of E/p300 ( ~ / ~ 3 0 0 -  4.0 
volts/cm - Torr), w h e r e  some curvature w a s  observed. As 
w a s  a l s o  reduced using a method due t o  Gosseries” which 
value of 0: regardless of the magnitude of 8 .  The values 
analysis agreed with those obtained from the slope of pn 
t o  within a few percent. 
a check, the data 
gives an unambiguous 
of a obtained i n  t h i s  
( I / ~  ) vs x curves 
C 
The procedure used i n  obtaining a cesium-helium mixture w a s  to 
admit helium t o  the desired to ta l  pressure with the cesium reservoir  cooled, 
and then close the by-pass valve (Fig. 3) and r a i s e  the temperature of the 
cesium reservoir to  give the desired cesium vapor pressure. 
o f c  as a function of time a f t e r  closing the-by-pass valve showed that 
considerable time w a s  required f o r  the  mixture t o  reach equilibrium. 
values of a obtained a t  a given E/p 
become constant with t i m e  un t i l  2 t o  3 days a f t e r  the by-pass valve was 
closed. 
with t i m e  t o  within experimental e r ro r  f o r  as long as measurements were =de 
on a given mixture (up t o  twoweeks). This long t i m e  required t o  reach an 
equilibrium mixture had been observed i n  previous measurements of d r i f t  
veloci ty  i n  cesium-argon mixtures i n  the same syst&tY7 and is presumed t o  
be due t o  a combination of diffusion and w a l l  coating e f fec ts .  
from the cesium reservoir t o  the d r i f t  tube is r e l a t ive ly  long with a small 
diaxreter. 
of the Townsend a: coeff ic ient  , 
Measurements 
The 
increased at  f i r s t  and did not 300 
Once equilibriumwas at ta ined the value o f a  measured w a s  contant 
The path 
The re su l t s  presented here are the long time, equilibrium measurements 
-7- 
RESULTS 
The TaJnsenda coefficient was measured as a function of 
E/p300 in cesium-helium mixtures with several different values of 
NCs/NRe. Figure 7 shows the results obtained for a/p300 VS. E/p300 
with Ncs/NHe = 2.72 x lo-’. Also s h m  for comparison in Figure J is 
3 -  
1;) a/p300 for pure helium, taken from Chanin and Rork. 
of a/p300 obtained for this mixture are considerably larger than the pure 
helium values, analysis of the data (discussed in the following section) 
showed that this enhancement was due mainly to the Penning effect rather 
than to direct electron ionizttton-of cesium. 
Although the values 
Figure 8 shows the results of measurements of a/p under 
is direct 
The density ratio in this case is Ncs/NHe = 9.0 
300 
conditions where the main ionization mechanism at low E/p 
ionization of cesium. 
x loe5. 
on the basis of an assumed Cs excitation cross section. These calculations 
are discussed in the next section. 
300 
Also shown in Figure 8 are curves which give thea values calculated 
A qualitative explanation of the results of these measurements 
At low density ratios, electron-cesium collisions are so is as follows: 
infrequent that they have no significant effect on a. 
the electron distribution function extends to higher energies so that there 
is significant excitation of helium. 
cesium atoms on collision (Penning effect), causing a highera than would 
be the case in pure helium. 
direct ionization of cesium by electrons becomes a competing process in 
producing ion pairs. Since the cesium ionization threshold (3.89 eV) is 
considerably below the helium excitation threshold (19.8 eV), the direct 
As E/p is increased 
Metastable helium atoms can then ionize 
As the cesium to helium density ratio is increased, 
- 8- 
ionization process w i l l  begin t o  contribute t o  the t o t a l  a a t  a lower E/p 
than the Penning effect .  
of the Penning ef fec t  t o  the t o t a l a  i s  negligible. In this range of E/p 
the Townsenda coefficient w i l l  depend only on the cesium exci ta t ion and 
ionization cross sections and on the helium momentum transfer  cross section. 
Since the h e l i u m  momentum transfer cross section and the cesium ionization 
cross section a re  known, the measurements may be analyzed t o  give the t o t a l  
cesium excitation cross section. 
next section. 
There i s  a range of E/p i n  which the contribution 
The method of analysis i s  discussed i n  the 
ANALYSIS OF DATA 
In  order t o  obtain the cesium excitation cross section as a 
function of electron energy from the T m s e n d a  coefficient as a function 
of E/p, it is  necessary to  know the electron energy dis t r ibut ion function. 
In  general, however, one does not know the shape of the d is t r ibu t ion  function 
- a prior i ,  since t h i s  depends i n  par t  upon the cross section one is  attempting 
t o  find. The assumption of a Maxwellian or Druyvesteynian shape i s  not 
j u s t i f i ed  under the conditions of the present measurements. The procedure 
followed i s  t o  assume an excitation cross section, with the proper threshold, 
as a function of energy and to use t h i s  cross section i n  obtaining a numerical 
solution of the Boltzmann equation. This gives the d is t r ibu t ion  function 
appropriate t o  the assumed cross section, so that the Tolwnsenda coeff ic ient  
can then be calculated as a function of E/p. This ca lcu la t eda  coeff ic ient  
is  then compared t o  the experimental values, and the input cross section is 
adjusted i n  magnitude and shape u n t i l  the calculated and experimentala 
coefficients agree. This allows one t o  obtain a cross section which is  
consistent with the experimental resul ts .  
i n  t h i s  way is not unique i n  that rapid changes with energy i n  the cross 
section curve w i l l  be a t  least pa r t i a l ly  averaged out because of the r e l a t i v e l y  
large spread i n  the electron energy distribution. 
The f i n a l  cross section obtained 
-9- 
The analysis of the data in the present work is similar to that 
4 used by Frost and Phelps 
outlined here. 
distribution function of electrons in the gas mixture, which we write in the 
f Orm 
and by Engelhardt and Phelps5 and will only be 
The basis of the analysis is the Boltzmann equation for the 
MCs Qcs) -3 c l ~  - 
+ r: [ (e + E.) f (E + s.1 N Q (E + 6.9 - E f (E) Ncs Qj (E)] 
L S  J J CS Jcs J j 
2 where E is the electron energy (= 1/2 mv , where v is the electron speed), 
e is the electron charge, E the applied electric field, "e and Ncs the 
densities of helium and cesium, Q and Q the energy-dependent momentum-transfer He cs 
cross sections for helium and cesium, f (E) is the steady state electron 
energy distribution function, m is the electron mass, %e the mass of a helium 
atom, 
temperature, and Q represents the cross section for the jth inelastic process 
the mss of a cesium atom, k is BolztmannEs constant, T is the gas 
j 
-10- 
involving an electron energy loss E 
by 
The distribution function is normalized 
j‘ 
The terms of Eq. (4) may be associated with a gain or loss 
of energy due to one of the processes being considered. The first term 
represents the effect of energy input to the electrons from the applied 
field, the second term energy loss and gain in elastic collisions, the third 
term energy loss in inelastic collisions with cesium, and the fourth term 
energy 108s in inelastic col€isions with hekium. 
of the second kind are not included, since they are not important for the 
relatively high energies considered here. 
Terms involving collisions 
The helium mamentum transfer cross section used in the 
3 calculations was taken from Frost and Phelps. 
cross section for cesium was taken from Brude14 at high energies (above 
0.5 eV) and from h.ost15 at low energies. 
uncertainty in the low energy values of Q, this is not important in 
the present analysis, since the contributi6n of cesium to the effective 
momentum transfer cross section for the mixture is negligible. 
be seen by noting that in Eq. (4) Q, appears multiplied by Ncs and added 
to a similar product term for helium. 
“e, and since Q never gets as large as 10 Ncs is always less than 10 
Q 
effective momentum transfer cross section is less than 1%. 
The momentum transfer 
Although there is some 
This may 
Since for the cases considered here 
-4 2 
cs 
in the appropriate energy range, the contribution of cesium to the He 
-11- 
Four inelastic cross sections are used in Eq. (4): excitation 
and ionization cross sections for cesium and helium. The cesium ionization 
cross section has a shape based on the measurements of Tate and Smith16 and 
a magnitude of 1.0 x 1O-l’ cm at the peak-of the cross section. 
magnitude of the peak value chosen is a compromise between the peak values 
reported by Brink” (1.12 x 
(0.94 x 
measurements of Maier-Leibnit~l~, and the helium ionization cross section 
is taken from Smith.” 
cross section which enters into Eq. (4). 
by numerical methods a curve of this cross section versus energy which is 
consistent with the experimental measurements o f a  and with the other 
known cross sections. 
2 The 
2 18 cm ) and by McFarland and Kinney 
cm2). The helium excitation cross section is based on the 
The cesium excitation cross section is the one unknown 
It is therefore possible to obtain 
Eq. (4) is solved numerically to obtain the electron energy 
distribution function, f (E), using a trial 2xcitation cross section 
with correct threshold. Then, using this distribution function, the Townsenda 
coefficient is calculated from the relation 
/- 
WhereQ. ( E )  is the cesium ionization cross section, N is the total 
gas density, and w is the electron drift velocity, given by 
1 
E df de 
(%e ‘He + NCs Q Cs )dc 
(7) 
8 
-12- 
where the Q's in Eq. (7) refer to momentum transfer cross sections. The 
values o f a  calculated from Eq. (6) are then compared with the measured 
values, and the magnitude and shape of the assumed cesium excitation cross 
section are varied until good agreement is obtained between the calculated 
and measured values. 
explicitly in Eq. ( 6 ) ,  a depends quite strongly on the cesium excitation 
cross section, because of the dependence of the distribution function on the 
excitation cross section. In the present case, the calculated values o f a  
are more sensitive to changesln the cesium excitation cross section than 
to changes in the ionization cross section, 
Although only the cesium ionization cross section appears 
The cesium excitation cross section which gives best agreement 
between the calculated and measureda is shown in Fig. 9. 
is 1.15 x cm at 8 eV. The initial slope of the cross section for 
energies less than 2 eV is in good agreement with the previously determined 
value of 7.1 x 
using this cross section with the measured values is shwn in Figure 8 for 
The peak magnitude 
2 
2 7  cm eV . A comparison of the values of a/p300 calculated 
the Penning effect contribution -5 Ncs/%e = 9.0 x 10 , For E/p300 C 2.5 volts 
cm-Torr 
is negligible and all of the ionization is produced by the direct process. 
The calculation of the contribution due to the Penning effect shown in Fig. 8 
for the higher values of E/p300 is based on the assumption that all of the 
helium metastables formed are destroyed in Penning effect collision with 
cesium. That is, we have the two step process 
* 
e + He+e + H e  
He 
* + C s d H e  + Cs' + e 
and it is assumed that no other mechanism contributes significantly to 
the destruction of helium metastables. The fact that the sum of the Penning 
-13- 
effect ionization calculated on this basis and the direct cesium ionization 
is in good agreement with the experimental results in the higher E/p range 
lends support to this assumption. 
Figure 10 for two values of E/p300. 
distribution with a peak energy corresponding to that of the calculated 
distribution function at E/p 
the actual distribution function falls off more rapidly with energy than 
a Maxwellian. 
Examples of calculated distribution functions are shown in 
Also shown for comparison is a Maxwellian 
= 3.0 volts/cm-Torr. It will be seen that 300 
The sensitivity of the calculateda to the assumed Cs excitation 
cross section is quite good, as illustrated in Fig. 11. Here the solid 
curve is thea calculated using the best excitation cross section (i.e. the 
curve in Fig. 9) while the dotted curve shows the results of a calculation 
using one of the earlier trial cross sections which was only 20% smaller 
than the final value (the peak magnitude for this cross section was 0.95 x 10 
cm , and the shape was very nearly the same as the final shape). Since the 
dotted curve is clearly in disagreement with the measurements, we may conclude 
that the best cross section may be obtained with a sensitivity of better than 
20%. 
accuracy is believed to be within 2 10%. 
in the present value for the cesium excitation cross section lies in the 
uncertainty associated with the magnitude taken for the cesium ionization 
croas section. 
to be considering the agreement between Brink and McFarland and Kinney, then 
the present value for the cesium excitation cross section should also be 
correct to within 20%. 
- 14 
2 
The experimental values were reproducible to 2 5%, and their absolute 
Perhaps the greatest uncertainty 
If this cross section is correct to within 20%, as it appears 
-14- 
. 
It has been previously mentioned that the present method of 
obtaining cross sections is not sensitive to rapid changes of the cross 
section with energy. 
in the cross section will not be observed using an electron swam technique 
such as that used here. 
curve shown in Fig. 9 represents a smoothed-out average of the true cross 
section, if the true cross section contains some rapid energy variations. 
Thus, any sharp resonances which may be present 
It is therefore possible that the cross section 
DISCUSS ION 
Although measurements of total, momentum transfer, and ionization 
cross sections in cesium have been reported in the literature at various 
times, no absolute values for excitation cross sections have yet been published. 
Measurements of the excitatik function for some of the spectral lines of 
22 cesium have been reported by Bogdanova” and by Zapesochnyi and Shimon. 
The latter authors give the shape of the excitation function for one of the 
resonance lines, but do not give absolute values for the cross section. A 
comparison of the cross section obtained in the present work with the 
Zapesochnyi and Shimon excitation function for resonance radiation is of 
interest since it provides a check on the proposal7 that excitation to the 
resonance states accounts for most of the total excitation; i.e., excitation 
to states higher than the resonance states is relatively unimportant. 
this idea is correct, the shape of the total cross section should be roughly 
the same as that for resonance excitation. Such a comparison is shown in 
Fig. 12 and it is seen that the shapes of the two curves are roughly the same. 
The Zapesochnyi and Shimon curve is nonnalized to the present curve at 8 eV. 
If 
. 
-15- 
Recent drift velocity measurements at this laboratory gave an 
absolute value of 7,l x 
excitation cross section in the threshold regiae7 
cross section at higher energies was obtained by normalizing the Zapesochnyi 
and Shimon resonance curve to the absolute value obtained for the initial 
slope. 
that reported here around the peak of the cross section;:the present results 
agree very well with the previous value found for the initial slope, 
in cesium have been reported by iIan~en~~, Witting,24 and by Vainshtein, et.al. 
Although the present experiment measures the total excitation cross section 
rather than only 6s-6P excitation, a comparison of the present results with 
these calculations is significant since, as has been pointed out, the cross 
section for excitation to states higher than the 6P states is expected to be 
small. Such a comparison is s h m  in Fig. 13. The calculated 6s-6P cross 
sections are samewhat lower than the measured total cross section, as expected, 
but the fact that the calculations of Hansen and of Witting are within 20% 
of the measured value is consistent with the idea that 6s-6P resonance 
excitation accounts for most of the total excitation cross section. 
cm2/eV for the initial slope of the cesium 
An estimate of the 
1 
The cross section estimated in this way was about 20% smaller than 
Theoretical calculations of the cross section €or 6s-6P excitation 
25 
I 
I 
' 
The results presented here were obtained in mixtures with cesium 
to helium density ratios of 
these measurements to get the cesium excitation cross section because in 
the E/psoo range from about 1 to 3 volts/cid-Torr the d d n a n t  inelastic 
collision processes are excitation and ionization of cesium atoms by electrons; 
elastic collisions of electrons with cesium are negligible for these density 
ratios. In order to obtain measurements which can be used to obtain the 
or less. It has been possible to use 
. 
-16- 
cesium momentum transfer cross section, it is necessary to go to density 
ratios about two orders of magnitude higher. 
have been made in mixtures with a density ratio approaching lo-’. 
velocity was found to be somewhat lower than the k n m  drift velocity in pure 
helium, indicating that electron-cesium elastic collisions were appreciable. 
It has not been possible to get a reliable cesium momentum transfer cross 
section from these measurements, however, since only a small amount of data 
could be obtained, due to deterioration of the insulators. The system is 
presently being modified to improve the insulation and to reduce the time 
required for a mixture to reach equilibrium concentration, 
A few drift velocity measu-nts 
The drift 
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Figure 1 Photograph of apparatus with main oven i n  place.  
which acts as the Cs reservoir, may be seen extending below the 
main oven. 
photograph was taken. 
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Figure 5 Detail of electrode region of d r i f t  tube, showing s p l i t  
structure of electrode. Currents are measured to the 
central d i s c ;  the outer guard ring is  used t o  maintain 
uniformity of the applied e l e c t r i c  f i e l d  i n  the central 
region. 
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